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Magnetically journalled rotational arrangement 

/. f-^Ud Of the fK)u4n*t(f»\ 

The invention relates to a ; magnetically journalled 
rotational arrangement (in accordance with the preamble of 
patent claim 1). ^ tt ^ctd V^^^f/to^/^ ^wuM<ULlci r vfa+- KnU at-M-trt 

Magnetically journalled rotational arrangements are used 
today in numerous fields of application, in particular 
[howeve?Jwhere mechanically journalled rotational 
arrangements have considerable disadvantages, thus e.g. in 
stirrers or forwarding apparatuses for highly pure or 
biological liquids such as, for example, blood. 
Magnetically journalled rotational arrangements are also 
useful in applications such as clean room blowers or 
carrier apparatuses for wafers (so-called wafer carriers) 
where high demands are placed on cleanliness and no 
contamination, such as is caused, e.g^ by gases which can 
escape from the lubricants of mechanical bearings, may be 
tolerated. In these applications both the journalling of 
the rotor (which can be designed^ e. g. as the vaned wheel of 
a pump) and a rotational movement of the same must be 
possible. 
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A magnetically journalled rotational arrangement with a 
flywheel is described in EP-A-O, 130, 541, Apparatuses of 
this kind are used^for example/ in the control of the 
orientation of satellites . Rin<(j^haped permanent magnets 
for the magnetic journalling of, the rotor are provided both 
in the rotor and in the stator; moreover the stator also 
comprises control windings in order to be able to correct 
possible deflections of the rotor from the desired 
position. Further separate drive means for driving the 
rotor are also provided in the rotor and in the stator. 
This has the result that the total construction is 
relatively complicated and expensive. ' 

^cxw^/f^y or rat //j uaun^O 

The object of the present invention is to provide a 
magnetically journalled rotational arrangement by means of 
which a magnetic journalling as well as a rotation of the 
rotor can be produced at the same time. The magnetically 
journalled rotational arrangement should be as 
uncomplicated and inexpensive as possible and should^in 
particular^ also permit the initially named uses. 

^This object is satisfied in accordance with the invention 
by a magnetically journalled rotational arrangement as is 
characterised by the features of patent claim 1. 
Advantageous embodiments result from the features of the 
subordinate el 
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l^The invention will be explained in the following in more 
detail with reference to the drawings. Shown, schematically 
and/or in section, are:j^j ' 

Fig^^l exemplary embodiments of the rotor of the 

rotational arrangement in accordance with the 
invention with axially magnetised permanent 
magnets arranged at one side of the rotor, 
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Fig. 2 cv\v exemplary embodiments of the rotor of the 

rotational arrangement in accordance with the 
invention with axially magnetised permanent 
magnets arranged' at both sides of the rotor, 

Fl g^3 ^ exemplary embodiments of the rotor of the 

rotational arrangement in accordance with the 
invention with radially magnetijsed permanent 
magnets arranged at one side of the rotor, 



Fig*. 4 i^o 1 exemplary embodiments of the rotor of the 

rotational arrangement in accordance with the 
invention with radially magnetised permanent 
magnets arranged at both sides of the rotor, 

Fig an exemplary embodiment of the rotor with 

permanent magnets which are arranged on bc£h 
sides of the rotor and are axially magnetised 
on the one side of the rotor and radially 
magnetised at the other side, 

Fig. 6 f an exemplary embodiment of the rotor with 
projections and recesses between these 
projections (reluctance rotor) , 

Fig. 7 v~ exemplary embodiments of possible arrangements 
of the permanent magnets, 
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Fig. 8 v v an exemplary embodiment of a rotational 

arrangement in accordance with the invention 
with a bearing stator and two motor stators in 
an exploded view, 

^ ^ _ 



Fig. 9 y the exemplary embodiment of Fig. 8 in section, 
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Fig^lO l,^^ 11 exe ™plary embodiment analogous to Fig. 8, in 
^ section, |^ho^ver~taith radially magnetised 
permanent magnets, %r 

Fig. 11 /W an exemplary embodiment analogous to Fig. 8, in 
section X howler] with radially magnetised 



permanent magfrets in the rotor and axially 
magnetisfed permanent magnets in the stator, 

Fig; 12 V) a plan view of the rotor of the exemplary 
embodiment of 



i of a 



Fig. 13 v\ an illustration of a section along the line 
XIII-XIII in Fic 



Fig. 14 ^ a further embodiment of the rotational 

arrangement in accordance with the invention 
( s egment arrangement ) , 

FigYlS an illustration of the principle of the 

arrangement of the U-cores and of the motor 

windings wound around them, x 

> 

Fig. 16 an exemplary embodiment of the rotational 

arrangement in accordance with the invention 
analogous to FigTl4, but with U-cores arranged 
perpendicular to the bearing plane, 

Fig1^17 ^^a section along the line XVII-XVII in Fig^l6, 

Fig. v 18 <p a further exemplary embodiment of the 

rotational arrangement in accordance with the 
invention with two ring-shaped iron yoke 



- 5 - 



closures at the rotor, one of which is provided 
y^ith projections and recesses, 

Fig^T 19 0 /- a further exemplary embodiment of the 

rotational arrangement in accordance with the 
invention in which the entire rotor has 
projections and recesses and is surrounded by a 
magnetically poorly conducting ring, 

Fig. 2 0 \j& an exemplary embodiment of the rotor in which 



the rotor has a U-shaped profile, is partially 
provided with projections and recesses and is 
partially surrounded by a magnetically poorly 
conducting ring, 

Fig. 21 an exemplary embodiment of the rotational 

arrangement in accordance with the invention in 
which the motor stator is provided with a disc 
rotor winding, 



Fig .^22 V# an exemplary embodiment of the rotational 

arrangement in accordance with the invention in 
which the rotation of the rotor is produced by 
a drive which can be permanent magnetically 
coupled to the rotor, 

Fig. 2 3 % an exemplary embodiment of the rotational 

arrangement in accordance with the invention 
analogous to Fig v ^^22 in which^ howeverT^the 
permanent magnetic coupling of the drive is 
produced by means of radially magnetised 
permanent magnets. ^> 

Fig. 24 a use of the rotational arrangement in 

accordance with the invention in the. form of a 
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pump, in particular^, for highly pure or 
biological liquids, especially for blood, 



and 



y 7 .y^ 

Fig. 25 the arrangement of Fig". 14 (segment 

arrangement) ,j^^wevery^ith a different sensor 

In F one recognises three exemplary embodiments of a 

rotor 1 of the rotational arrangement in accordance with 
the invention. The three rotors 1 each comprise axially 
magnetised, discrete permanent magnets M arranged at the 
one side of the rotor - at the upper surface of a ring 10 
consisting of a ferromagnetic material. These permanent 
magnets produce a unipolar (the magnets on this side of the 
rotor are all magnetised in the same direction) bias 
magnetisation flux which emerges radially from the ring 10. 
In the region of tt\e_ring 10, (between the permanent magnets 
M) the bias magnetisation flux is right homogeneous when 
viewed in the circumferential direction. In all , ^however , 
it is considerably spatially modulated in the 
circumferential direction because gaps are continually 
provided between the individual discrete permanent magnets 
M. Through the interaction of a corresponding rotary or 
alternating field with the spatially modulated unipolar 
bias magnetisation flux, a torque Is produced in the rotor 
1. The three rotors shown in differ essentially in 

the number of poles or pole pairs. The rotor at the top has 
exactly four poles (two pole pairs) , whereas the middle 
rotor has six poles (three pole pairs) and ^that atT^the 
bottom has eight poles (four pole pairs) . 




The exemplary embodiments of the rotor 1 shown in Fit 
have permanent magnets M which are arranged on both sides 



- 7 - 



of the rotor (that is, at the upper and the lower surface 
of the rotor) with the direction of magnetisation of the 
permanent magnets M at the tipper surface of the rotor being 
opposite to the direction of magnetisation of the permanent 
magnets M at the lower surface of the rotor (both at the 
upper and the lower surfac^howeve^ always having the same 
direction, that is, being unipolar) . 

Fic^ 3 shows exemplary embodiments of the rotor 1 in which 
permanent magnets M are arranged at one side of the rotor 
only, whereas permanent magnets are arranged at both sides 
of the rotor in the exemplary embodiments of the rotor in 
accordance with Fi^T 4 . Contrary to the exemplary 
embodiments of Fig^l and Fig^2, the permanent magnets M 
arej^ however ,1 radially magnetised. Furthermore, additional 
f erromagneti<p elements F (e.g. of iron) are provided for a 
better conduction of the magnetic flux. 



Figv 5 shows an exemplary embodiment of the rotor 1 in 
which permanent magnets M are arranged at both sides of the 
rotor; on the one (here: the lower) side of the rotor, 
axially magnetised permanent magnets; on the other (here: 
the upper) side, of the rotor, radially magnetised permanent 
magnets. Fig^6 shows an exemplary embodiment of the rotor 
with projections 12 and recesses 11 in which the modulation 
of the unipolar bias magnetisation flux is thus produced by 
soft magnetic anisotropy. This type of rotor is also known 
as a j^o-calle^reluctance rotor. 



In Fig. 7^a plurality of embodiments of possible 
arrangements of the permanent magnets are illustrated. 



There one recognizees, beginning in the left column from top 
to bottom and then in the right column from top to bottom: 
- axially magnetised permanent magnets M on both sides of 
the rotor 1 as well as in the stator 2 
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- radially magnetised permanent magnets M on one side of 
the rotor 1 as well as in the stator 2 

- radially magnetised permanent * magnets M on both sides of 
the rotor 1 as well as in the stator 2 

- radially magnet^feed permanent magnets M on both sides of 
the rotor 1 and axial ly magnetised permanent magnets M on 
both sides in the stator 2 

- radially magnetised permanent magnets M on one side of 
the rotor 1 and axial ly magnet^ed permanent magnets M on 
one side in the stator 2 

- axially magneti^fed permanent magnets M on both sides of 
the rotor 1 and radially magnet i^fed permanent magnets M on 
both sides in the stator 2 

- axially magnet ;^ed permanent magnets M on one side of the 
rotor 1 and radially magnet^ed permanent magnets M on one 
side in the stator>2 

- axially magnetised permanent magnets M in the stator 2 
and no permanent magnets on the rotor 1 (reluctance rotor) , 
only one control winding 20 in the stator 2 

- axially magnet permanent magnets M in the stator 2 
and no permanent magnets on the rotor 1 (reluctance rotor) , 
two control windings 2 0 in the stator 2 

- axially magnet^ed permanent magnets M in the stator 2 
and in the rotor 1, two control windings in the stator 2. 
The magnetisations shown here cary, in principl^ also be 
oriented in reverse. ' 

In Figr 8^an exemplary embodiment of a rotational 
arrangement in accordance with the invention can be 
recognised in an exploded view. In this exemplary 
embodiment^ the stator also comprises, in addition to a 
ring-shaped bearing stator 21 which produces the magnetic 
journalling of the rotor 1 in the bearing plane, two 
further motor stators 2 2 and 23, of which the one motor 
stator 22 is arranged in a first motor plane parallel to 



the bearing plane on the one (here: the upper) side of the 
bearing stator 21 and the other motor stator 2 3 is arranged 
in a second motor plane parallel to the bearing plane on 
the other (here: the lower) side of the bearing stator 21. 

If one observes the bearin^plane, one recogn^es that the 
rotor 1 has axially magnetised permanent magnets M which, 
are arranged on both sides of the rotor. Furthermore, a 
sensor ring 13 of a magnetically poorly conducting 
material, which is, howeveryof good electrical conductivity 
(e.gy aluminium) , in which eddy currents arise during 
operation, which in turn produce magnetic fields which can 
be evaluated with the help of sensors SI, S2 in the bearing 
stator 21, is provided at the rotor 1. In this manne^ 
(which is known per se), the position of the rotor 1 can be 
precisely determined and, where required, corrected at any 
point in time. 

The ring-shaped bearing stator 21 has teeth 210 which point 
in the radial direction toward the rotor 1 and on which, on 
the one hand, the stator-side permanent magnets M and, on 
the other hand, the control windings 2 0 are arranged. With 
the help of the control windings the permanent magnet flux 
can be selectively reinforced or weakened so that when a 
deviation of the rotor 1 away from the desired position of 
the rotor 1 arises, the rotor 1 can be moved back to the 
desired position again. 

The two ring-shaped motor stators 22 and 2 3 likewise have 
teeth 22 0 and 23 0 pointing inwardly in the radial 
direction. Furthermore, they are each provided with a 
rotary field winding 221 and 2 3 Irrespectively by means of 
which a corresponding rotary field can be pr<5duced in order 
to drive the rotor 1 rotationally . Rotary field windings 
221 and 231 of this kind are known per se - they are 
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therefore only schematically illustrated in F ig^8. Since 
the number of poles or pole pairs in the rotor and the 
stator must agree, and since the rotor has a number of 
poles of four (two pole pairs) on both sides, the rotary 
field windings must also be designed in such a manner that 
a four-pole rotary field is produced in the motor stator. 
Naturally^ it is also possible to omit one of the two motor 
stators, through which^howevek, the torque is halved. In 
this case^ it is also sensibler to omit the permanent magnets 
on the corresponding side of the rotor. In this manner ythe 
constructional height of the arrangement can be reduced. 

Figv 9 shows the exemplary embodiment of Fig. 8 in a 
section. One recognises in on the one hand, the 

distribution of the magnetic flux produced by the permanent 
magnets M (solid line PF) , which goes out from the 
permanent magnets M to the rotor 1, leads via the air gap 
into the motor stator 22 or 23. respectively (consisting of 
a ferromagnetic material) , leads further from there via the 
permanent magnets M in the bearing stator 21, through the 
ferromagnetic material (e.g.y iron) of the bearing stator 21 
and its teeth 210 via the air gap between the bearing 
stator 21 and the rotor 1 back into the ferromagnetic 
material (e.gy iron) of the rotor 1, and then finally 
closes again in the permanent magnets M of the rotor 1. A 
part of the permanent magnet flux also passes directly from 
the permanent magnets M on the rotor 1 into the permanent 
magnets M on the bearing stator 21, which is not 
illustrated in Figv9. 



Furthermore, in Fig^9 one also recognises in the air gap 
between the bearing stator 21 and the rotor 1 the control 
flux (broken line CF) which can be produced with the help 
of the control windings 2 0 for the correction of deviations 
of the rotor from the desired position. The closed magnetic 
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circuit of the control flux is not recognisable in Fig. 9 
since it extends in the bearing plane and thus, in principle, 
in a plane perpendicular to theyplane of the permanent 
magnet flux (for this, see Fig. 12) . A reinforcement or a 
weakening of the permanent * magnet flux can be produced only 
in the region of the teeth 210 and in the air gap between 
the bearing stator 21 and the rotor 1 (and naturally also 
at the entry into the rotor) , because here the two field 
components, which otherwise do not influence each other, 
have the same orientation. Fig^^lO and Fig^^^ll each show an 
arrangement analogous to Fig^8 in an illustration 
analogous to Fi^Jr 9 . In contrast to Fi^% and Ficjv9 j 
however 7J the permanent magnets M in the rotor 1 and in 
bearing stator 21 in FigrlO are both radially magnetised; 

V 



I however 7J the permanent magnets M in the rotor 1 and in the 

.ng stator 21 in FigvlO ^ ^ — , — _ — — ^ 

in Fig^Tl, the permanent magnets M in the rotor 1 are 
radially magneti^Cd whereas they are axially magnetised in 
the bearing stator 21. 



Fi^T 12 shows a plan view of the rotor in accordance with 
the exemplary embodiment of Fig that is, a plan view 

onto the, bearing plane. In this illustration^ one now better 
recognises the distribution of the control flux CF (broken 
line) which can be produced with the help of the control 
windings 2 0 in order to be able to move the rotor 1 back 
into the desired position in the event of a deviation from 
its desired position. It is clear that a part of the 
control flux is also closed back via the two other stator 
teeth, which isQiowever^not illustrated here for reasons of 
greater clarity /""Furthermore, the path of the permanent 
magnet flux PF (solid line) naturally does not show up well 
in this illustration; for the distribution of the permanent 
magnet see Yxq^r9. Finally, in FigV^L2yOne also 

recognises the two additional sensors S3 and S4, which are 
not recognisable in the illustration in accordance with 
Fi^8. ^ 
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Fig* 13 shows a section along the line XIII-XIII in Figv 8, 
that is, a section in the first motor plane. One recognises 
here the motor stator 2 2 and the distribution of the 
permanent magnet flux produced^ by the permanent magnets M. 
Furthermore, one also recognizees the - here four poled - 
rotary field winding 221 which is embedded into the 
individual grooves >of the motor stator 22 (the rotary field 
itself is^ however^ not illustrated) . How a rotary field of 
this kind can ber executed is sufficiently known to the 
expert and will therefore not be discussed here in further 
detail. 



Figv^ 14 shows a further exemplary embodiment of the 
rotational arrangement in accordance with the invention, in 
this case/ a segment arrangement. This designation derives 
from the fact that the means for the production of the 
rotary field (or the alternating field) are also arranged 
in the individual segments between the permanent magnets M 
in the bearing stator 21, namely in the form of U-shaped 
coil cores 24 (e.g./ iron cores) on which windings 241 are 
wound by means of which a rotary field (or an alternating 
field) can be produced. The U-shaped coil cores 24 are 
arranged here in the bearing plane, so to speak. The 
advantage is a low constructional height. One recognj 
that the exemplary embodiment shown in Fi^*"14 is a rotor 
with the pole number sixteen (eight pole pairs) . The 
arrangement illustrated here is a two phase arrangement 
which in principle can have 2, 4, 6, 8,... etc. U-shaped 
coil cores 24; here^ it has four coil cores 24, two of which 
are illustrated (due to the half-section illustration) . 

In Fig^^lSythe arrangement of the U-shaped coil cores 24 
and the windings 241 which are wound around these coil 
cores 24 can be recogn^ed in an illustration of the 



principle . The windings of mutually oppositely lying coil 
cores are each flowed through by the same current; they can 
be connected in series or in parallel. The two phases PI 
and P2 (it is a two-phase arrangement) are mutually 
electrically displaced by 90°. The pole division Tp amounts 
to 

Tp = (n • Di) /2p 

where Di designates the inner diameter of a circle which is 
tangent to the poles of the U-shaped coil cores 24 near the 
rotor 1; hence Di/2 represents the radius of this circle 
(see Fig^lS) , and pithe number of pole pairs. 



The permanent magnets M on the rotor 1 each follow one 
another displaced by an angle of 45° (there are eight 
permanent magnets M which are uniformly distributed over an 
angle of 360°). If one were now to likewise arrange the 
four U-shaped coil cores 24 over the angle of 3 60° with the 
same regularity (thus displaced with respect to one another 
by a geometrical angle of 90°) , then exactly one permanent 
magnet M of the rotor eiach would come to lie between and in 
front of the U-shaped coil cores at the same time. 
Completely independently of the electrical displacement 
angle of the two phases PI and P2, no starting up of the 
rotor 1 can take place in this manner since when the 
magnetic field increases or decreases, the respective 
permanent magnet on the rotor 1 will only be more or less 
strongly attracted or repelled by the respective U-shaped 
coil core 24. One would thus have to supply an impulse 
(e.g. mechanically) to the rotor at first in order to set 
it rotating. 



In order now that an electrical start-up of the rotor be 
possible, the two phases PI and P2 (which are\of course \ 
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electrically displaced by 90°) must be mutually 
geometrically displaced, and indeed, ideally in such a 
manner that one permanent magnet comes to lie completely in 
front of the coil core of the one phase when another 
permanent magnet comes to lie exactly half in front of the 
coil core of the other phase so that a torque acting on the 
rotor 1 can always be produced with one of the two phases 
PI or P2. This geometrical displacement amounts to^ 

(360°/2p) - ((l/m) + k) , 

where p stands for the number of pole pairs (here 8) , m 
designates the number of phases (here 2) and k is a natural 
number, which amounts here^in principle, to the displacement 
angle 11.25° + k 22.5°; in particular in the exemplary 
embodiment shown, k = 4. One recogni^Ss in Fig*i Vu lff ; the 
angle a = 11.25° and the corresponding displacement of the 
coil cores 24. Analogously to this example ,f^aturally\ 
arrangements with any desired phase numbers, in particular 
also one and three phase arrangements as well as any 
desired numbers of pole pairs, are possible. It is also 
conceivable to use motor segments with a plurality of 
grooves per pole division and with an approximately 
sinusoidal flux distribution. Air gap windings are likewise 
conceivable in order to prevent groove latch torques where 
possible. 

Fig^6 shows a further exemplary embodiment of the 
rotational arrangement in accordance with the invention 
which corresponds to the exemplary embodiment of Fig!^'l4 as 
regards the basic principl^^in whic]^^owever\the coil 
cores 24 are arranged perpendicular to the bearing plane. 
Moreover, permanent magnets M are also arranged on both 
sides of the rotor 1; the corresponding is true of the 
bearing stator 21 as well. Fig^Tl? shows' a corresponding 
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section along the line XVII-XVII in Ficj^ 16 . An arrangement 
of this kind corresponds to a /so-called\"transversal flux 
motor^ shown here as a segment motor tfith split phase. 

Figgis shows a further exemplary embodiment of the 
rotational arrangement in accordance with the invention. In 
this exemplary embodiment^ the rotor 1 comprises two rings 
10a and 10b consisting of a ferromagnetic material which 
has projections 12a and recesses 11a (or 12b and lib, 
respectively, which are not recognisable) (reluctance 
rotor) . An axial ly magnetised permanent magnet ring MR, 
which is not structured^ is arranged between the two rings 
10a and 10b. The ring-shaped bearing stator 21 likewise 
comprises two rings 21a and 2 lb, with two axially 
magnetised permanent magnets M being arranged between the 
teeth 2 AOa and 210b of the two rings. Furthermore, one also 
recognises the control windings 2 0a and 2 0b (in principle, 
only one control winding is required) as well as the 
sensors SI and S2 for the determination of the respective 
current position of the rotor. The means for driving the 
rotor 1 are formed on at the upper ring 21a of the bearing 
stator 21 in the form of coil cores 24a, with corresponding 
windings 241a being wound around the coil cores 24a. This 
exemplary embodiment's distinguished by a high permanent 
magnetic bias magnetisation flux, which enables the air gap 
between the stator and the rotor to be enlarged for certain 
applications and nevertheless enables a reliable magnetic 
journalling to be achieved. 



The exemplary embodiment of Fig^^L9 differs from the 
exemplary embodiment of FigvlS substantially through the 
different embodiment of the rotor 1. The latter comprises 
no permanent magnets, but is of a ferromagnetic material, 
has the said structure with the projections 12 and recesses 
11 and is surrounded by a sensor ring 13 of a magnetically 
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poorly conducting but electrically well conducting material 
(e.g., of aluminium). This exemplary embodiment is 
advantageous^/ in particular^ for applications in which the 
rotor 1 must be thrown away or recycled after a single use 
because this is dictated by the corresponding application 
(e.g. .when pumping blood). The rotor 1 is namely 
comparatively simple and economical to manufacture due to 
the absence of or, .respectively, the presence of non- 
existent, permanent magnets. 



iaV 2 0 



Figr 2 0 shows an exemplary embodiment of a rotor 1 which is 
manufactured of a ferromagnetic material and has a U-shaped 
profile. It is surrounded by a sensor ring 13. Through the 
U-shaped profile the rotor 1 has^so to speak^\ an upper 
ring 10a and a lower ring 10b which are conneexed to one 
another via the web. Whereas the upper ring 10a has a 
structure with projections 12a and recesses 11a, the lower 
ring 10b has no structure. A rotor of this kind is 
advantageous in so far as the vibratory forces which arise 
as a result of the structuring are reduced, since the lower 
ring 10b has no structure. In addition^ it is possible to 
measure the position of the rotor with the help of Hall 
sensors in the air gap of the lower ring. Otherwis^ the 
advantages correspond to those of the rotor in accordance 
with Fig r f / ^19. In additionythe reluctance forces with 
respect to an axial journalling of the rotor are greater 
(due to the groove between the individual "rings of the U- 
shaped profile) . 

Fig^C^^l shows an exemplary embodiment of the rotational 
arrangement in accordance with the invention with a bearing 
stator 21 of the already described kind with axially 
magneti^fed permanent magnets M arranged at one side and 
with a motor stator 2 5 with a disc rotor winding 250. A 
disc rotor winding is, so to speak, a flat winding which is 
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arranged in a plane for the production of a rotary field. 
Disc rotor windings are known per ,se and can, in particular^ 
have a multiple layer structure; The disc rotor winding is 
preferably without iron, through which axial drawing forces 
on the rotor 1 are practically completely avoided. 

Figvt^22 shows an exemplary embodiment of the rotational 
arrangement in accordance with the invention in which the 
rotation of the rotor 1 is produced with the help of a 
drive which can be permanent magnetically coupled to the 
rotor 1. The bearing stator 21 and the rotor 1 correspond 
here to the bearing stator 21 and the rotor 1 of Fig(r21. 
Only the drive is designed differently; here it comprises 
namely a disc 2 6 consisting of ferromagnetic material on 
which axially magnetipfed permanent magnets M are arranged, 
with the arrangement of the permanent magnets M on the disc 
2 6 corresponding to the arrangement of the permanent 
magnets M on the rotor 1. The disc 26 is drivably 
mechanically journalled. When the disc 26 is driven the 
rotor 1 synchronously follows the rotation of the/disc 2 6 
via the permanent magnetic coupling (here permanent 
magnetic axial coupling) as a result of the reluctance 
forces. 

The exemplary embodiment in accordance with the invention 
of Fig^23 differs from the exemplary embodiment of Fig^^Ti* 
only in that the permanent magnets M of the drive are not 
mounted on a ferromagnetic disc^but on a ferromagnetic ring 
2 7 which in turn is connected to a connecting rod 28 which 
is drivably mechanically journalled. The operating 
principle i^however^the same: As a result of the 
reluctance forces/ the rotor 1 follows synchronously during 
a rotation of the connecting rod. Finally, Fi^^2^ shows a 
use of the rotational arrangement in accordance with the 
invention in the form of a pump, in particula^ for highly 
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pure or biological liquids, especially jfor^blood. The 
bearing stator 21 and the drive 26, correspond here to the 
corresponding parts of the exemplary embodiment in 
accordance with Fig\^22 . The rotor is designed here as a 
vaned wheel la and is arranged in a closed pump housing 3 
of a magnetically poorly conducting material (e.gy plastic 
or chrome steel) . The pump housing 3 has two connection 
pieces 3 0 and 31 for the intake and outlet of the liquid to 
be forwarded, for example, blood. A pump of this kind must 
be regularly disposed of after a single use. This can be 
done in a simple manner by pulling the intake and outlet 
lines off the connection pieces 3 0 and 31 and inserting a 
new pump housing. The remaining apparatus caripfiowevery be 
reused; moreover/ the replacement of the pump housing "can be 
carried out simply and comfortably. 

Furthermore, it should be mentioned that in the rotational 
arrangement in accordance with the invention, in particular, 
with respect to its use as a blood pump, a number of 
aspects from WO-A-96/319 3 4 are conceivable. Thus, both an 
inner rotor and an outer rotor are conceivable. 
Furthermore, as already mentioned, a hermetic partition 
(such as e.g.y a gap tube or a vessel) can be arranged 
between the stator and the rotor. The rotor itself can be 
encapsulated with a plastic, with a ceramic or with another 
nofr -Aietallic material. Furthermore, as has already 
partially been described, a ring of electrically well 
conducting but magnetically poorly conducting material 
which is arranged around the rotor can be provided and can 
serve as a sensor ring for the position measurement by 
means of eddy currents. The determination of the respective 
angular position of the rotor can -k*e done by means of Hall 
sensors, which can likewise servd ^position sensors, which 
is advantageous in the measuremenVacross an electrically 
conducting gap tube. The rotor together with the vessel 
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surrounding it: (see e.g./ the blood pump described with 
reference to Ficfv 24) c&n be replaceable and disposable or 
recyclable in order to be able to guarantee sterility. More 
details on all these topics can be found in WO-A-96/31934 . 

In particularythe sensor system, in uses in which a vessel 
is arranged between the stator and the rotor (e.g. the pump 
housing 3 in Fi^V24) , shall again be discussed because the 
eddy current sensors which are typically used for the 
determination of the position of the rotor 1 relatively 
quickly reach their limits when certain materials (e.gj 
chrome steel) are. used for the vessel (or for the pump 
housing respectively) . Here magnetic sensors, in particulaj 
the abov^entioned Hall sensors, prove particularly 
advantageous. How Hall sensors of this kind can b£ arranged 
is shown in the exemplary embodiment of Fig^/^S . The 
exemplary embodiment illustrated there corresponds to the 
exfemplary embodiment of Figyi4 (segment arrangement) ; here, 
however y the sensors are arranged and/or designed 
differently. 

In principl^ the Hall sensors can be arranged in the air 
gap between the bearing stator 21 and the rotor 1. They cary 
in particular, [however ^also be mounted (e.g., adhesively 
fixed) on the teeth 210 of the bearing stator 21, as the 
Hall sensors SHI, SH2 , SH3 are. In this caseythe Hall 
sensors are arranged on a separate permanent magnet. In 
both variantsjthus^)the Hall sensors are permeated by a 
relatively large rest flux (in the adhesively fixed variant 
this is produced by permanent magnets in the stator, in the 
other variant by the separate permanent magnet located 
directly at the sensor) so that the possible influence of 
stray fields, which are produced by the coil cores 2 4 and 
their windings 241, is slight. Without a rest flux, 
comparatively large fluctuations in the flux would 
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otherwise arise through the permanent magnets moving past. 
For the determination of the position of the rotor in the 
respective direction, the difference of the signals from 
two geometrically oppositely disposed sensors is 
particularly suitable, even if one sensor per direction 
would theoretically be sufficient. 
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l.ff Magnetically journalled rotational arrangement 

comprising a substantially di^s:,shaped or rin<^shaped 
magnetically journalled rotor Ql)^ and a stator^(2)^ 
which comprises means for the production of a field 
which produces a rotation of the rotor^Jl^, 
Characterise?/ 1 ^ that^the rotor has meansf^M, 11, 12)^ 
which produce a unipolar bias magnet :jj?kt ion flux which 
is spatially modulated when viewed in the 
circumferential direction . 



:ise 



Rotational arrangement in accordance with claim 1 
(characterised in thatNthe means for producing the 
spatially modulated bias magneti^tion flux compr: 
permanent magnets (^(MY^which are distributedly arranged 
on the substantially dis(£j"3tiaped or rin^JI^iaped rotor 

^Rotational arrangement in accordance with claim 2 
(characterised in thatythe permanent magnets \ (M)} are 
arranged at both sides of the dis^r^haped or rin£f^J) 
shaped rotor. 

fT Rotational arrangement in accordance with[ claim 2 or 
claim ^3j^^arac%^f^sed" in that^the permanent magnets 
^M)^have an axial or a radial magnet^Jit ion. 

p\ Rotational arrangement in accordance with /one of the 
claims 2 to 4^ij^ permanent magnets 

^JM)^ are provided both qn the rotor Q^l)^ and on the 
stator^il; andQ-n^li^^both the permanent magnetd\JM)^ 
provided on the rotor Q^lf^and the permanent magnets 
Qm)^ arranged on the stator Q2)^>are magnet^ed in the 
axial direction. -2^ 
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6. f\ Rotational arrangement in accordance withjone of the 

claims 2 to 4 V characterised in that) permanent magnets 
QM)~^are provided J ^] :h on the rotor[j 1)^ and on the 

stator^^; and £n that^both the permanent magnetsQM)"A 

provided on the rotorQ lj^and the permanent magnets 
£(M)^ arranged on the stator |^)^areQ[mgneti^d^n the 

radial direction, 

A.. r aX^^J^ 

7. R Rotational arrangement in accordance with [one of the 

claims 2 to 4Jjpharacterised in that\ permanent magnets 
P(M)\are provided" both on the rotor) (Ijband on the 
stator ) (2); and [in thatN the permanent magnets /JM) > 
provided on the rotor ^l)^ are (^agneti^d\Ln the axial 
direction while the permanent magnets £{M) ^arranged on 
the stator£~( 2]Tj are ^magnet :^ed~lj_n the radial direction 
or vice versa. 

8. /^Rotational arrangement in accordance with/ one of the 

preceding claims^haracteris^ in addition to 

the means for tHeproduction of the field which 
produces the rotation of the rotor^l^, the stator^2)~\> 
comprises permanent magnets^(Tl)^ which are arranged in 
such a manner that they cooperate with the means 
provided on the rotor[(l)^ for the production of the 
spatially modulated bias ^magnet i^Ertion^f lux in such a 
manner that they produce or reinforce the magnetic 
journalling of the rotor^j[l)J. 

9. ^Rotational arrangement in accordance with claim 8 
<^haracteri*sec^ the means provided at the rotor 
f (lT^f or the production of the spatially modulated 

unipolar bias ^magnet i^fffio^ flux comprise a plurality 
of projectionsT("l2 ^ftfhich point in the radial 
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direction and recesses 
these pro j ections . 



(11) Which are arranged between 



10 .v\f Rotational arrangement in accordance with) one of the 

^ \p vO-^J^u^^v-j ' — \ 1 — 

preceding claimsjf characterised in that\ control 

windings ^7 20^ are provided in the stato3^(2J^ in order 

to control the spatially modulated unipolar bias 

^ magnet i^^tion^f lux. 

11 •^Rotational arrangement in accordance with claim 8 

(characterised in that^the stator\j(2, 2 \)\ effecting the 
magnetic journalling of the rotor is designed 
substantially in ring shape and surrounds the ring or 
disc^-shaped rotor, with the stator plane and the rotor t ^^^^ /U ^ 
plane coinciding and forming the bearing plane; and\^in 
thatj means for the production of the field which 
produce the rotation of the rotor^(]L)\^ are arranged in 
the segment ^between the permanent magnets^ m7\ i n "the 
stato2^j^2, 21)^\po that the motor plane in which the 
rotation of the rotor^(l)\is produced and the bearing 
plane in which the journalling of the rotor is 
produced coincide. 

12 ./^Rotational arrangement in accordance with claim 11 

^jcharac^^rVsek^in that^the means for the production of 
the field which effects the rotation of the rotor and 
which is arranged in the segments between the 
permanent magnetsQM^ has U-shaped coil cores ^(2 4) ^ ^ 
with windings [(24ly , with the U-shaped coil cores Q24)^J 
being arranged in the bearing plane. 

13 ./^Rotational arrangement in accordance with claim 11 

^characterised in thatjthe means for the production of 
the field which effects the rotation of the rotor and 
which is arranged in the segments between the 
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permanent magnet^^M)^ has U-shaped coil cores Q24)^ , 

with windings £(24 with the U-shaped coil cores y( 24) \ 
being arranged perpendicular to the bearing plane. 



14 ^Rotational arrangemejvt in accordance with claim 8 

^characterised in thatjthe stator/X2, 2 1)J producing the 
magnetic journalling of the rotor is designed to be 
substantially .ring^ghaped and surrounds the ring or 
di^c--s^iaped rotor^£ll, with the stator plane and the 
rotor plane coinciding and forming the bearing plane; 
and ^^a^^eovepjthe stator comprises at least one 
further ring or di/c ~s]^aped motor stator^(22, 23 )J^ 
which is arranged in a motor plane parallel to the 
bearing plane. 

15 .JVRotational arrangement in accordance with claim 14 

[^haracteri!se^ permanent magnets j^M)^ a JLM /VW 

arranged on both sides of the rotor{j(l^ ; and£in tt^LtJ^ 
the stator, in addition to the ring-shaped stator (f21)^j 
which produces the magnetic journalling of the rotor, 
comprises two further ring-shaped motor stators£(22, 
23^, of which one motor statorjT(22 )^ is arranged in a 
first motor plane parallel to the bearing plane on the 
one side of the bearing stator and the otherS (23) \in a 
second motor plane parallel to the bearing plane. 

16 .iT Rotational arrangement in accordance with claim 14 
/ characterised in that) the stator, in addition to the 
ring-shaped statorf" ( 2~1)^ which produces the magnetic^ 
journalling of the rotor, comprises a further di^c---^) 
shaped stator in a motor plane parallel to the bearing 
plane, with this motor stator {J2 5)^ being designed as a ? 
disc rotor stator and having a preferably iron-less 
disc rotor winding|^2 50^ f or the production of the 
field for the rotation of the rotor^(ljj. 



« 
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17 .jv/Rotational arrangement in accordance with claim 8 

l^haracterisedi^^h^ the means for the production of 
the field which effects the rotation of the rotorf (1) V 
comprises a rotatable drive£(2 6)^ which can be 
magnetically coupled to the rotor^Jl)| and the axis of 
rotation of which coincides with the axis of rotation 
of the rotor^lj\. 



18 ./I Rotational arrangement in accordance with claim 17 
^haracl^ra^e^irr that*^the drive^2 6)^^omprises 
permanent magnetsP(M)T which areunagneti/4ea in the 



axial direction. 



19 .$f~1*otational arrangement in accordance with claim 17 
recharacterised in thatjthe drive[(26) ^comprises 
permanent magnets|(M) Which are^magnetijfedj in the 
radial direction. ^ 

2 0 .^Forwarding apparatus, in particular for highly pure or 

biological liquids, especially a blood pump, with ay • / 
rotational arrangement in accordance with^one of the ^j^J^J 
claims 1 to V^. 

21. ^Stirrer for a bio-reactor comprising a rotational 

arrangement in accordance withfone of the claims 1 to , 
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Abstract of disclosure 



I K6 



A magnetically journalled rotational arrangement ^cjmprisesj 
a substantially dis^^)iapeca or rii^g^s^j^ed rotor^Jl) Vand a 
stator£(2n. The stator (comprises ; : mean^J for the production 
fiel^_which produces^ a rotation of the rotor^J 1)[ > The 
ans (M, 11, 12^ which produce a unipolar bias 
^agnet^ationTJf lux which is spatially modulated when viewed 
in the circumferential direction. 



rotor has 
^m< 



<^(Fig. lT\ 



